Triterpenes are products of secondary metabolism of different organisms, being very common in fungus species. One single fungus' specie can produce a high number of active compounds, with different pharmacological effects.
Pisosterol (Fig. 1) , a triterpene isolated from the ectomicorhizal Pisolithus tinctorius, has been reported to strongly inhibit tumor cells proliferation in vitro, while it had no antimitotic effect on sea urchin eggs.
3) Classical cytotoxic drugs tested in the sea urchin eggs and cancer cells have shown to be active in both assays, although compounds may present a higher IC 50 value in the sea urchin eggs than in tumor cells, as observed for doxorubicin and etoposide. 4, 5) The sea urchin eggs assay can detect cytotoxic agents such as DNA synthesis inhibitors, RNA synthesis inhibitors, microtubule assembly inhibitors, and protein synthesis inhibitors. 6) Thus, the absence of activity of pisosterol in this assay suggested a different mechanism of action. In fact, Montenegro et al. (2007) 7) demonstrated that the inhibition of leukemia (HL-60) cells proliferation is related to monocytic cell-like differentiation induction, followed by apoptosis. These findings may explain the selectivity of pisosterol to cancer cells, and reinforce the anticancer potential of this naturally occurring substance.
In the present study, the in vivo antitumor activity of pisosterol was evaluated using sarcoma 180 transplanted in mice. Histopathological and morphological analyses of the tumor and organs, including liver, spleen and kidney were performed in order to evaluate the toxicological aspects of the pisosterol treatment.
MATERIALS AND METHODS

Pisosterol Isolation
Pisosterol, in its pure form, was isolated from the ectomicorhizal fungus Pisolithus tinctorius collected in a Eucalyptus plantation at Brejo, Maranhão, Northeast Brazil as described previously.
3)
The structure of pisosterol ( Fig. 1) has been determined by spectroscopy means, including one and two dimensional NMR such as COSY, HMQC, HMBC etc., physical properties and comparison with data from literature.
Pisosterol. White amorphous powder. mp 192.6-194.7°C. Assay of Antitumor Activity Sarcoma 180 ascites tumor cells (2ϫ10 6 cell/500 ml) were implanted subcutaneously into the left hind groin of the mice. Twenty-four hour after inoculation, pisosterol (50 or 100 mg/m 2 ) was dissolved in 10% of dimethyl sulfoxide (DMSO) and administered intraperitoneally for 7 d in mice transplanted with Sarcoma 180 tumor. 5-Fluorouracil (5-FU) (50 mg/m 2 ) was used as a positive control. The negative control was injected with 10% DMSO. On day 8, the mice were sacrificed. Tumors, livers, spleens and kidneys were extirpated, weighed and fixed in 10% formaldehyde. The inhibition ratio (%) was calculated by the following formula: inhibition ratio (%)ϭ[(AϪB)/A]ϫ 100, where A is the tumor weight average of the negative control, and B is that of the treated group.
7)
Histopathology and Morphological Observations
After being fixed with 10% formaldehyde, tumors, livers, spleens and kidneys were grossly examined for anatomy, size or color changes. Then, portions of the tumor, liver, spleen and kidney were cut into small pieces, followed by staining with hematoxylin and eosin of the histological sections. Histological analyses were performed by light microscopy. The recognition and the extension of liver or kidney lesions attributed to drugs were considered.
Statistical Analysis Data are presented as meanϮS.E.M. The differences between experimental groups were compared by ANOVA followed by Student-Newman-Keuls (pϽ0.05).
RESULTS
Effect of Pisosterol Treatment in Mice Bearing with
Sarcoma 180 Tumor Sarcoma 180 transplanted-mice were treated (i.p.) with pisosterol for 7 d in order to investigate its in vivo antitumor activity. After 8 d of tumor transplantation, the average tumor weight was 3.10Ϯ0.32 g in control group, while pisosterol at 50 and 100 mg/m 2 reduced the tumor weight to 1.66Ϯ0.23 g and 1.79Ϯ0.16 g, respectively ( pϽ 0.05) (Fig. 2) . 5-FU (50 mg/m 2 ) treated mice also presented a significant reduction of tumor weight (1.32Ϯ0.19 g) when compared to control (p<0.05). The tumor growth inhibition ratios were 43.0% and 38.7% for mice treated with pisosterol at 50 and 100 mg/m 2 , respectively, and 54.9% for mice treated with 5-FU (50 mg/m 2 ). Histopathological analysis of the tumor from control mice revealed groups of large, round and polygonal cells, with pleomorphic shapes, hyperchromatic nuclei and binucleation. Several degrees of cellular and nuclear pleomorphism were seen. Mitosis, muscle invasion and coagulative necrosis were also noticed. Mice treated with pisosterol 50 mg/m 2 did not show any differences compared to control group. On the other hand, in the tumors removed from animals treated with 5-FU and pisosterol 100 mg/m 2 extents areas of coagulativetype necrosis were observed.
Toxicological Analysis in Mice Bearing S180 Tumor Treated and Un-treated with Pisosterol To evaluate the possible toxicological effects of pisosterol on mice organs, we extirpated the liver, spleen and kidney, and weighted then after mice being sacrificed. Then, the organs were analyzed for their gross anatomy. No significant changes in the organs weight were seen in any animal treated with pisosterol, independently of the dose used (Table 1 , pϾ0.05), while 5-FU treatment reduced the liver weights when compared with the control group ( pϽ0.05). In spite of this, it was observed color changes on the liver and kidney after treatment with pisosterol at both doses.
Histopathological analyses of the liver revealed portal tracts and centriolobular vennus congestion in all groups. Pisosterol-treated animals (50 mg/m 2 ) showed Kupffer cells hyperplasia, hydropic degeneration and microvesicular steatoses of liver cells, focal infiltrate of chronic inflammatory cells, and sinusoidal hemorrhage. The alterations seemed to be more intense in animals treated with pisosterol 100 mg/m 2 , however all these alterations are capable of regeneration since no stromal fibrosis was observed. In 5-FU treated mice its was observed the same events as in pisosterol-treated group (Fig. 3) .
Besides the toxic effects observed in the liver, histopathological analyses indicated that the kidney is also a target organ for toxicity related with pisosterol treatment. These effects included vacuolization and hydropic degeneration of proximal tubular epithelium and areas of focal necrosis but the glomeruli structure was essentially preserved in both groups (50 or 100 mg/m 2 ) (Fig. 4) . No histological changes were observed on spleen of mice treated with pisosterol 50 and 100 mg/m 2 when compared with control group (data not shown).
DISCUSSION
Medicinal mushrooms have a long history in folk medicine and could play an important role in prevention and treat- Data are presented as meanϮS.E.M. of n animals. * (pϽ0.05) one-way analysis of variance (ANOVA) followed by Student-Newman-Keuls. ment of cancer. Many bioactive components have been identified from fruit bodies, mycelia, spores, and culture media and the major categories of the bioactive compounds found in fungus are polysaccharides and triterpenes. 1, 9) Antitumor effects of several extracts and isolated compounds from fungus species has been demonstrated in vitro and in animal models where several triterpenes and ergosterol peroxide is believed to contribute to its activity. 10, 11) In the present work, it was evaluated the antitumor activity of pisosterol using sarcoma 180 bearing mice. Sarcoma 180 is a mouse-originated tumor and one of the most frequently used cell lines in antitumor related research in vivo. [12] [13] [14] Present data demonstrated that pisosterol was also active using animal models, since it inhibited sarcoma 180 tumor growth. Although in vitro effects of pisosterol in Sarcoma 180 cells were not analyzed, it was previous demonstrated that this compound possessed cytotoxic activity against tumor cells from different origins. 3, 7) Further studies with HL-60 leukemia cell line included the evaluation of pisosterol effects on DNA synthesis, cell proliferation, apoptosis induction and terminal differentiation induction, showing that it triggered differentiation followed by apoptosis. 7) These effects could explain in vivo antitumor effects of pisosterol.
Deregulation between cell proliferation, apoptosis and dif- Previous studies with total triterpenoids extract isolated from Gamoderma lucidum showed both in vitro and in vivo hepatotoprotective activities. [15] [16] [17] The tested extract inhibited the galactosamine-induced cytotoxicity using primary cultured rat hepatocytes. 15, 16) In vivo study demonstrated that a total triterpenoids extract of G. lucidum could protect mice against hepatic necrosis induced by chloroform and D-galactosamine and these hepatoprotective effects may be related to the ability to promote the activity of scavenging enzymes, raising antioxidant defenses in treated animals. 17) Pisosterol, on the hand, presented an intrinsic hepatotoxicity, leading to hydropic degeneration of hepatocytes accompanied by microvesicular steatosis in some areas. However, liver shows great adaptative and regeneration abilities, even when hepatocellular necrosis is present, but the conjunctive tissue is preserved, as seemed in pisosterol treated group, regeneration could be almost complete. 18, 19) In the kidney removed from pisosterol-treated mice, it was observed vacuolization and hydropic degeneration of proximal tubular epithelium and areas of necroses, but the glomeruli structure was essentially preserved and interstitial fibrosis was not observed, what indicates that these lesions may be reversible. Frequently, tubular defects have been reversible following discontinuation of the drug or dose adjustment. 20) No changes in spleen were observed in pisosterol treated animals.
In conclusion, pisosterol presented in vivo antitumor activity related to reversible toxic effects on liver and kidney. These findings corroborated to its anticancer potential.
